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Honorable Brend~n T. Byrne EJ i1~1~L6U U 15 IIJ I
Governor of New Jersey 

~~~
. D _______

Trenton , NJ 08621 
- _______

2OStP~~ q

Dear Governor Byrne:

Inc losed is the Phase I Inspection Report for Lake Arrowhead Darn in
Morris County , New Jersey which has been prepared under authorization
of the Dam In spect ion Act , Public Law 92—367. A brief  assessment o~
the dam ’s condition is given in the front of the report.

Based on visual inspection , available records , calcula t ions and past
operational per formance , Lake Arrowhead Dam, initiall y listed as a
hi gh hazard potent ia l  s t ruc tu re , but reduced to a significant  hazard
potent ia l  s t ruc ture  as a resul t  of this inspection , is judged to be in
fair overall condition . The dam ’s sp i l iway is considered inadequate
since 7 percent of the Spillway Design Flood——SDF — would overtop the
dam. (The SDF, in th i s  instance , is one half  of the Probabl e Maximum
Flood.) The decision to consider the spiliway , “inadequate” instead
of “seriously inadequate” is based on the dam ’s reduced haza rd
class i f icat ion and the determination that  darn failure resulting from
overtopping would not si gnf ican t l y increase the hazard to loss of l i f e
downstream from the dam from that  which would exist just before

:~~ overtopping fa i lu re . To insure adequacy or the structure , the
fol lowing actions , as a minimum , are recommended:

a. The spiliway ’s adequacy and the need for a larger low level
outlet  pipe should be determined by a qual i f ied professional

& consultan t engaged by the owner usi ng more sophisticated methods ,
.5 procedures , and studies within six months from the date of approval of

5 this report. Any remedial measures necessary to insure the adequacy
of the spillway and to prevent overtopp ing should be ini tia ted wi thin

j  calendar year 1980. In the interim , a detailed emergency operation
plan and warning system should be prompt ly developed. Also, during
period s of unusuall y heavy preci pitation , around the clock
surveillance should be provided.



NAPEN-D
Honorab le Brendan T. By rne

b. W i t h i n  s ix  months from the date of approval of this report,
engineering studies and anal yses should be performed to:

(1) Design and oversee construction of repairs to the
deter iorated concrete in the spillway structure and in the deck and
piers near the right abutment.

(2 )  Desi gn and overNee construction of rep lacement stoplogs
and repair of stop log slots.

(3) Design ~ind oversee procedures for removal of trees and
brush from the embankment.

c. Within three months of the date of approval of this report, a
program should be initiated to check the condition of the darn
periodicall y to watch for seepage or any indications of instability.

d. The following remedial actions should be completed within one
year from the date of approval of this report:

(1) Engage a professional engineer to make a comprehensive
technical inspection of the dam once every two years.

(2 )  If hydraulic studies indicate that a larger low level
outlet is not required the existing low level outlet pipe and valve
should be rehabilitated.

A copy of the report is being furnished to Mr. Dirk C. Rofman, New
Jersey Department of Environmental Protection, the designated State
Office contact for this program. Within five days of the date of this
letter , a copy will also be sent to Congressman James A. Courter of
the Thirteenth District. Under the provision of the Freedom of
Inf orma tion Ac t , the inspection report will be subject to release by
this office, upon request , five days after the date of this letter.

Additional copies of this report may be obtained from the National
Technical Information Services (NTIS), Springrield , Vir ginia 22161 at
a reasonable cost. Please allow four to six weeks from the date o
this letter for NTIS to have copies of the report available.
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NA?EN — D
Honorable Brendan T. By~ue

An important  aspec t ot the Dam Safety Program w i l l  be the
imp lementation of the recommendations made as a result of the
inspection . We accordingly request that we he advised of proposed
actions taken by the St .it1 to imp lement our recommendations.

Sincerely,

1 m c I /~2~JAMES C. TON
As stated 7

/
//2CoIonel~ 

Corps of Engineers

~~t~ istrict Eng ineer

Cop ies furnished;
Dirk C. Hofinan , P.E., Deputy Director
Division of Water Resources
N.J. Dept . of Environmental Protection
P.O. Box CN029
Trenton , NJ 08625

John O’Dowd, Acting Chief
Bureau of Flood Plain Management
Division of Water Resources
N.J. Dept . of Environmental Protection
P.O. Box CN029
Trenton , NJ 08625
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L AKI’ A R KOWUFAI )  DAM ( N . tOOL f .’ )

i~ F N’~~ l N F F R S  ASSESSMENT OF :FNFKAL . (‘ONDITIONS

i h t  ~ dO’S W~14 tS pes . !  ‘ii l~’ M.~v l~~7~ t’v Andt t ~Oit N t C h o 1  and Company ,
I n~ . u n ’I , ’t  ~ ou t t - a~ t he ’ t it . ’ ot  New j.’r ..‘v . The ’ Stat. ’, under
a g e , ’. n ~’’n t  w t t h  t h e ’ I . ’~. Ae tiv ~:i~gt~tt’.’r fl~~t : e c t  , Ph i  I a d e l ph t a , had t h i s
in  sp. ’~ t i on  p . i t ~~ med , ~i OS c o ~t . in~’t w i t Ii t h e ’ N a t  t u n a  1 Dam I nap ec t ion
Act , P u h i  t c t o w  ‘).‘ ‘

L..i~ At r owhea~l e)oiu , n i  i a l  Lv  1 i s t e ’d as h i & i  h a i d  p o t e n t i a l
s t t  u c t u r e , b i t t  t ed i t c . ’d t o  a s ig in  t i c a n t  ha~arJ p o t e n t i a l  s t r u c t u r e  as
.e t .‘sit I t  ot  t hi a t t~; pet’ t I ot t , i a j u d ged t o  h i’ i n  C a i r ove r a l l
c o u t  t ion . The dam ’ ‘. ap i t  Iw ay  is  c ons dcre5t Inadequate ’ a i nce 7
p e r cen t  ot  the Spt I t~~ov Desi gn Flood—— SDF would overtop the dam .
(Th.’ SDF , i n  I h i  s inst once • is one halt of t h e  probable Maximum
FL o~~.i . 

‘t The ~iec I s on t o  con si dcc t he sp i l l  was. , “ n a dequat  e” inst cad
of “ser i ou s l  v i nodeq ei.i t c I a has i’d ~ n t he’ ~t am ’ s reduced hazard
c la s s  if i cat ion and t he’ ~t e t  ,‘t n i  flat ion lc:t dam t allure result lug from
overt upp ing would not s i  gut t 5 a t i t  L y i n~ c c i s c  the hazard t o  loss of Li  te
down st ream I c o r n  he’ don f t  om t h a t  wh I cIt  w o u l d  e x i s t  j u s t  befor e
o v e r t  opp in g  t a i l u r e .  To i n s u r e  ad e qce . t cv  ot  the at ruc  t u r e  , t h e ’
t ol owing ac t on s , a a .i m n mum , ar e’ I cc unattended

:i • Th i’ sp i l l  w:t v ‘ ~ .td.’qu ;es ’ v and the need I or a 1st ~ t’t low level
i’u I I , ’ t p pe’ shoet J h .’ de’ I e’tin l ned b y a qua l i t  i e d  pr of  e’s a otis I
~‘unsicl t ant e i t g . e ~~.’d by t h e  owner u s i n g  more sop hi at  ic : t t  .‘d meth od s ,
proc edure’s , m d  St us1 i .  w i t h i n  s i x  mont ha t runt t he’ date of appi ova I of
t h i  report . An y r e ’medi  al meas u res nece ’ssary t o  in sure ’  the  adequacy
of the sp illw:iv and t o  p r ev en t  ov er topp ing should be initiated within
ca l en d a r  vest  1980 . In the  i n t e r im , a det ailed emergency operation
p iact acid w a t  c c  og sv s t em should be prompt I v devel aped. Al so, during
p er i o d s  of u n u s u a l  lv heavy preci p i t  at  ion , ar oun d the  clock
sei rv. ’ i l l  an ce ~‘hei ul d he provided

b. W I t h i  ~ $i t in~mt  h a f ront  the da te  et ap p r o v a l  ot t h i s  report
e’ng i neer i ng  s t u d  i~’ s an d ana l  ySe’s should  be per  formed to:

( 1 )  flesi~~n and ovet’se’e construction of r epa i r s to the
dcl or i or at ed  c o ncr et e  i it t h~’ sp it lway structure ’ and in the deck anti
p ie rs  near the ’ t i gh t  ab u t m e n t

( 2 )  Desi gn and uver se, ’ const ruc t i on  ot rep lacement stoplogs
and repair of st o p l o g  s l o t s .

(3) Design and oversee’ proced u res for  removal of trees and
bru sh f r om the embankment .

c. Within three months of the date  of approval of t h i s  report , a
program should be i n i t i a t e d  to check the condition of the dam
per i od i c a l l y to watch for seepage or any i n d i c a t i on s  of i n s t a b i l i t y .

j
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d. The t o l l o w i cig re’me’dinl actions shoil d be cucnp ’ ”ted withi n one
ve,ec from the d at e  of approva l of t h i s  r epor t

(I) Engage a p r o f e s s i o n a l  eng ine i r to make’ a comprehensive
t e c h n i c a l  in sp e c t i o n  ot the  dam once every two years .

(2~ I f  hydraulic studies indicate ’ t h a t  a l arg er  low level
out I .  t is not requ I red t h e  exi st lug low 1 eve I out i t ’  t p i pe’ and v a lve
sho’iId be rehab ilitat ed.

APPR OVED :,~~~ t ; ‘C - ’

n AMES C . TON
“,/Colon el , Corps of Engineers

District Engineer

DATE: J74&~.~~~~~ /> 2,>

-- ‘~~~~~~~~~ - -~~ ~~~~~~~
-—-~~~~ ‘- -



PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

Name of Dam : Lake Arrowhead Darn
ID Number: Fed ID No. NJ00172
State Located : New Jersey
County : Morris
Stream: Den Brook
River Basin : Passaic
Date of Inspection : May 16 , 1979

ASSESSMENT OF GENERAL CONDITIONS

Lake Arrowhead Dam is 54 years old and in f a i r  overall
condition . It is small in size and is classified as signi-
ficant hazard. The concrete spillway structure shows evi-
dence of deterioration . Severe spalling of the concrete
is evident on the underside of the spiliway deck . Trees
and brush are growing along the downstream toe. The down-
stream conduit system which carries the discharge from
Lake Arrowhead’s spillway is inadequate in its carrying
capacity . The spillway itself can pass less than 3 percent
of the PMF and is inadequate .

It is recommended that the owner retain the services of a
professional engineer , qualified in the design and inspec-
tion of darns , to accomplish the following in the near future :
oversee the design and construction of repairs to the
deteriorated concrete in the spiliway structure and in the
deck and piers near the right abutment; replace the stoplogs
and repair the stoplog slots; investigate , through additional
hydraulic evaluation , the necessity for a larger low level
outlet pipe and either install a new one or rehabilitate
the existing low-level outlet pipe and valve ; remove the
trees and their root systems , and brush growing at the
downstream toe of the structure ; conduct detailed hydrolo-
gic and hydraulic analyses of the watershed , reservoir
and darn, and design and implement appropriate mitigating
measures to provide for safe passage of high discharges.
It is further recommended: that starting immediately the
owner check the condition of the dam periodically to watch
for changes in seepage or stability ; and that in the
future , a professional engineer , qualified in the design
and inspection of darns, be engaged to conduct a comprehensive



technical inspection of the darn at least once every two
years. Also , in the near future , a surveillance program
for use during and immediately following periods of heavy
rainfall, and a warning program to follow in case of flood-
flow conditions or imminent darn failure should be established.

1 ~‘T j ’

Warren A. Guinan , P.E.
Project Manager
New Jersey No. 16848
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I.
PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations. Copies of these guidelines may
be obtained from the Office of Chief of Engineers , Washington,
D.C. 20314. The purpose of a Phase I Investigation is
to identify expeditiously those dams which may pose hazards
to human life or property. The assessment of the general
condition of the darn is based upon available data and visual
inspections. Detailed investigation , and analyses involving
topographic mapping, subsurface investigations , testing ,
and detailed computational evaluations are beyond the scope
of a Phase I investigation ; however , the investigation
is intended to identify any need for such studies.

In reviewing this report , it should be realized that the
reported condition of the darn is based on observations
of field conditions at the time of inspection along with
data available to the inspection team. It is important to
note that the condition of a dam depends on numerous and
constantly changing internal and external conditions , and
is evolutionary in nature . It would be incorrect to assume
that the present condition of the darn will continue to
represent the condition of the dam at some point in the
future . Only through continued care and inspection can
there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines , the Spillway Test Flood is based
on the estimated “Probable Maximum Flood” for the region
(greatest reasonably possible storm runoff), or fractions
thereof. The test flood provides a measure of relative
spillway capacity and serves as an aid in determining the
need for more detailed hydrologic and hydraulic studies ,
considering the size of the darn, its general condition and
the downstream damage potential.

- - - - - - - • -‘.-- -~~-- -  -~ •-• --- ~~~- -•- - ~~- -•- •
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t’UA~ F I I N S l l C l 1 ~~N REP ORT
N~i’1 tONAL t~AM SAFET\ ’ IN S P E C I’10N P }~~~~RAM

LAKE ARRC)WIIIAD l~AMU .~~. 1N J001 72  NJ *~~~—~~

~;l cT l ON I
1’ ROJ ~cr 1 NFO RMAT I ON

1 . 1 ~;t’n~~: a I

a .  A u t  ho:  i t  v .  Authority t o pe’: I orn: t he l’l ise I
~ a I et v  i n t ’t ’~~t I on o t  L ake  A : r owhead Dam was ec~~i Ved f r o m
t he  ~~t ate ot New Jersey , l~epa: trnent  ot  l~n v i  : onment ~tl P o—
tect ton , 1’i\ ’ i S1 I ~~ fl e ’t W~~t~~’i Resources b\’ It ’tt e’t d. : ttt .,i

4 A :: ii I~
)7t) under C o i : t i a ct  FPM No.  ~ ‘) dated ~~ ~

1 tn’e ~~~~~T h i s  authot i t  v was  ~ i von p u r s u a n t  to t he Nat •i onal Darn
1 ~~~~~~ct t on Act , Pub i  : o Law ‘ ~~~

— 

~~ 7 and by a~; i ’r ’mtm t bet WCt ’fl
t h e ’  ~‘- t  ate and the U.  ~~~~. Army Fnqi net’: s Pt stt ~‘t 

, l i i i  ladeiphic * .
T he 1 nspt ’ct 1 on di sc u~;sod ho: o in wi-n; pci I orwed b~ An~tet s~~t t ’
N ichols ~ Co., Inc. on i t~ May j C ) ’~ )~~

I~. I n :  j1ose . The I’u:~~~’s~ of t h e  Phase’ I I f l v e s t  i~ i a t  t o n
is  to develop an assessment  ot  the ~:ei:eral condi t ions w i th
~~e ’ s pt - ’ c t  t o the  sat e t y o I Lake A: rowhea¼t Darn and apput I
ances based upon ava tiahie data and v i s u a l  : nspec t  ion , and
de t ernu ne ~-tnv need for oute r ~encv measureS and con~’ I h ’ 1 !
add i t  lonal studies , i nvest i  qat i o t i s , and  ana  I v  sos a :  e noces ~a t V
and warranted.

I..’ Pr c ect~~~~~~~~ i t i o n

a .  De scri pt_lon ot Darn imd A~~1’urtei:a::t ’e’s . lake ’
Ar :~~whoad Dan: Is  an El — fo ot  hi qh , 37 ~‘— f oot I o t i t :  e a t  t 1: em-
bankment dam , built around i’)2~~.

The downs t ream face ot t h e darn is ot stone mason : v a n d  i

v er t  cal . The ups t r eam s ide  of t h e  dan : i s  occ up ie d  by t he
Lake Arrowhead Clubhouse , dock lacilities , and a bat h t n ~:
beach .  The ci ubhou se occup ies the  a tea ot  the noit hwe~ t

i
-
i qht ab u tmen t  . A c o nc r et e  s l a b  and  wooden p 1 a n k  dock

e x ten d s  fr om  behind  the  c lubhouse  to a poin t  a p p : o x i r n at e l y
one t h i r d  ot  the  w ay  ac ross  the  dam. Sout heast  ot  t h e  deck
the  beach bt’q ins and ext ends t o  t h e  sout  heast  a bu t m e n t  ot
the  dam . The slope of the beach is about $~~l 1: 1 V.  A wooden
t ence  ex t ends  f ront the  clubhouse  to  t he  so u t he a st  ab u t m e n t
on the down st :t’ani euqe 01 the ’  dam c r e s t  . N e a t  t h e  sou l  hi ’ast
a b u t m e n t  is a qa t e  i n  the  St ont’ ma sonry  wal  I t h at  p r o v i  di ’s
v e h ic le  access to  the  beach f rom ~losswood T i a t  1. The s p i l l —
way e x i t s  the dan: beneath the concrete’ deck t hi ou~~ti the
concrete  core w a i l ,  i t  has a lowe: oponi  n~~, ~

‘ t o o t  w i d e ’
by ~ . 4 t cot hi qh , c’ont r o l l e d  w i t h  st op I o~is .  The up~’t’:

-• ‘— - --- ----—‘~-‘- — —--——



uncontrolled opening is 10 feet wide by 1.1 feet high. A
6-inch diameter , cast iron , low level outlet pipe passes
through the toe of the dam about one foot to the right of
the stoplog section . Mosswood Trail , a paved street , is
located immediately below the dam and parallels the crest.
Two 24-inch concrete pipes are provided to carry spiliway
and low level outlet discharge beneath Mosswood Trail and
into the storinwater drainage system for the area. The
conduit system eventually discharges into Den Brook just
upstream of its mouth on the Rockaway River. (Essential
features of the dam are given in Figure 2). A sketch of
the conduit system , based on field observations , is given
in Figure 3.

b. Location. The dam is located in Morris County,
New Jersey on Den Brook , a tributary to the Rockaway River ,
approximately one mile east of Denville. it is at north
latitude 40°, 53.4’ and west longitude 74° 28.1’ . A
location map is given in Figure 1.

c. Size Classification. Based on its storage of
114 acre-feet, which is less than 1000 acre-feet , but more
than 50 acre-feet, and its hei ght of 8 feet , which is less
than 40 feet , Lake Arrowhead Dam is classified as small in
size , in accordance with the criteria given itt the Recom-
mended Guidelines for Safety Inspection of Darns.

d. Hazard Classification. Visual inspection of the
downstream area , and the breach analysis contained herein ,
shows that a breach of Lake Arrowhead Darn could cause

• appreciable , but not excessive , damage to the restaurant
immediately downstream of the darn, the automobile dealer-
ship on U.S. Route 46 and additional commercial properties
along U.S. Route 46. No permanent residences are down-
stream of the dam. There would probably be no loss of
life. Thus , Lake Arrowhead Dam is classified as Signifi-
cant Hazard .

e. Ownership. The darn is owned by Lake Arrowhead Club ,
Denv ille Townshi p, New Jersey . Mr. John Losh , 24 Basswood
Drive , Denville is the current president of the club .

f. Purpose of Darn. Lake Arrowhead Dam was originally
designed an d is curren tly used for recrea tion .

g .  Design and Cons t ruc t ion  H i s t ory .  The darn was
ori ginally built by Arthur D. Crane Co. in 1925. Little
information was disclosed regarding the design and construc-
tion of the original dam. The current club president
stated that a small pond of about 5 acres existed prior
to the construction of the darn. The dam increased the
size of the pond to about 19 acres and made it usable for
recreation .
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h. Norma l Orerat ional P t  ocodures . The current presi-
den t ot t he LaEe Ar : owhead Club , John Lush, st ated tha t  the
l ake  is loweie ’~I in t he ’ fall , by r emoval ot two of the flash—
boa i d s , t o  cl i  m in at  e i ce’ damage around the shore. In the
S~~~~I 1 n q ,  a f t  or  the  peak r un o t  t has passed , the  t lashboards
a t e  : t’placed t o i a  i so the  lake  up t o  its summer recreation
level . No t ornia l w i t t ten operating procedur os were di s—
closed.

1~ ~ Port ine ’nt Data

a . P i a i  t r a u c  A:

ti . .~~~~ sc~ua:t’ mi les

b . Dr s c h a r  qe at Pan:sito ( c f s  1

Max tmunr known i i  ood at  dams i t o  — unkn own

Low level  o u t le t  at  poo l e l ev at  ion  — 1.5 (if
01 •t ’ t~ t i ’l t

d at e d  sp i  I l w a y  cap ac ’.t ty  at poo l e l o v at  ion  —
w i t h  st o pl oqs i n  place’ ~as thu 1fl¼1 inspection 1

— o
w i t h  s t op l o i t s i omoved — 20

• dated spi 1 Iw ay  c a pac i t y  at m a x i m u m  poo l el evat ion
~ t op dAtti l

with stoplo~ s in place ~as dir : ing inspection 1
- 0

w i t h st o~’ l~ ti s r t’ruc’v e — ‘ 7

linqated spi 1 iw ay  cap a c i t y  at  m a x i m u m  pool elevat ion
— it~

Total spi 1 lway capacity at maximum pool e l ev at i o n  —

with stoploqs in place tas dirt i i r q  inspection
— 16

with stopioqs removed — 43

C .  E l e v a t i o n  ( t t  . above MSLI

Top dan: — 5ltl .~

Roc: ea ti on  poo l — Si 0

Max imum pool ~~~ PMF1 — 5~~i .0

• Sp i I iway c r e s t  i l a t  e’d 1 — at t i m e  o I : nspt’ct ion
•



Upstream invert low level outlet - unknown

Downstream invert low level ou tlet - 514.3

Streambed at centerline of dam (invert of 24’
culverts) — 511.7

Maximum tailwater — 519.0 (from tailwater rating
curve over Mosswood Trail )

d. Reservoir (ft.)

Length of maximum pool - 1600

Length of recreation pool - 1500

e. Storage (acre-feet)

Normal pool — 96

Design surcharge ( ½ PMF ) - 137

• Top of dam - 114

f. Reservoir Surface (acres)

Top dam - 20

Recreation pool - 19

Spillway crest - (with stoplogs in place as during
inspection ) - 19

g. Darn

Type - ea r t h embankmen t

Length - 375k feet

Height - 8 feet

Top Width - varies - 10 to 50+ feet
Side Slopes - Upstream : Varies to 30H :1V at beach

Downstream : Vertical

h. Spiliway

Type - Combination free overflow and stoplog qated

4 
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Length of weir - stoplogs - 1.95 feet
free overflow - 10 feet

Crest elevation - 519.2 feet MSL (with stoplogs
in place)

516.9 feet MSL (stoplog sill)

Gates - rough cut 2 x 6 inch by 1.95 foot
long stoplogs

Upstream chann el - Lake Arrowhea d
Downstream channe l - 2 4 ”  concrete pipe which dis-charges in to Den Brook

i .  R eg u l a t i n g  Ou t l e t s

Six-inch diameter cast iron low level outlet.
Valvin g mechani sm at unknown loca tion in reservo ir.

5
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- SECTION 2
E N G I N E E R I N G  DATA

2.1 Design

No plans or hydraul ic/hy drologic data for  Lake A rrowhea d
were disclosed.

2.2 Construction

No recorded data concerning construction of Lake Arrowhead
• Darn were disclosed. Reference data on file with the New

Jersey Department of Environmental Protection indicates
that the dam was built in 1925 by Arthur D. Crane Co.,
that the darn is 488 feet long , that two 8-inch cast iron
outlet pipes were provided and that the outlet channel
cul’i~er t  is 30 inches in diameter.

2.3 Operation. No engineering operational data were
disclosed .

2.4 Evaluation

a. Availability . A search of the New Jersey Depart-
nrent of Environmental Protection files , contact with
community officials and contact with the owner revealed only
a limited amount of recorded information . All disclosed
informa tion was re tri eved .

b. •Adeguacy. Because of the limited amount of
recorded data available evaluation of this darn was based
solely on visual observ at ion s.

c. Validity . Parts of the :ecorded data retrieved
were found to be incorrect based on visual observations.
Speci f ic  d iscrepancies are di scussed in Section 5.1 a.

6
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SECTION 3
VISUAL INSPECTiON

3.1 Findings

a. Darn. Trees and brush are growing at the downstream
toe. No evidence of seepage was observed. No evidence
of bulg ing or other signs of slope instability were observed.
Two drain pipes which appear to lie parallel to the down-
stream toe of the dam have outlets on either side of the
channel downstream of the stoplog spiliway. No water was
discharging from the pipes at the time of the inspection.
Owner’s representatives indicated that one of the pipes is
a drain for the cellar of Lake Arrowhead’s clubhouse at
the right abutment and that the other pipe is a drain for
hou se cellars on the lef t abutment.

b ~ppurtenant Structures. The stoplogs in the spill-
way are weathered and the metal stoplog slots are rusted.
Surface sp:Alling and erosion of the concrete in the spill-
way structure has occurred to a maximum depth of 2” in
isolated areas. The location of the low level outlet mechanism

• is unknown . Mi rror deter iorat ion and spalling of the underside
of the concrete deck and concrete piers of the deck structure
on the crest of the dam near the right abutment were observed.
Some reinforcing steel was exposed .

c. Reservoir Area. The watershed above the reservoir
is gently sloping and partially wooded. No defined streams
are present. Two smaller ponds discharge into Lake Arrow-
head . Many houses are built on the shore of the reservoir.
No visible evidence of significant sedimentation was noted.
At the time of the inspection no visible evidence of exten-
sive growth of vegetation in the reservoir was observed.
However, it should be noted tha t an inspection repor t dated
August 1959 includes mention of “a large growth of vegetable
matter , repor tedly heavy enough to wal k on .”

d. Downstream Channel. The water that discharges over
the spillway Liows about 15’ itt an open channel and then
enters two 24—inch diameter concrete pipes and flows under-
ground about 1220 feet to a small tributary of the Rockaway
River. One of the 24-inch lines was almost completely
blocked with debris and it is unclear whether it can func-
tion as intended. Only one 24-inch line was visible in a
catch basin below the darn. This indicates that the second ,
blocked line may have no downstream outlet. The 24-inch
line connects with a 54—inch line at a location along the
1220-foot run .

-- -s — ’.
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SECTION 4
OPERATiONAL PROCEDURES

4.1 Procedures

No formal operating procedures were disclosed. Normal
operating procedures are described in Section 1.2 h.

4.2 Main tenance of Darn

No formal maintenance procedures for the operating facilities
were disclosed. From the condition of the dam and appur-
tenant structures it is apparent that a regular maintenance
program has not been followed.

4.3 Maintenance of Operating Facilities

No formal maintenance procedures for the operating facili-
ties were disclosed .

4. 4 Warning Sys tem

No description of any warning system was disclosed.

4.5 Evaluation of Operational Adequacy

Because of the lack of operation and maintenance procedures ,
the remedial measures described in Section 7.2 c. should be
implemented as prescribed .

8
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SECTION 5
HYDROLOGIC/HYDRAULI C

5.1 Evaluation of Features

a. Design Data. Because no original design data
were disclosed, an evaluation coul d not be performe d . State
of New Jersey inventory data from 1925 indicates two 8-inch
cast iron outlet pipes. One 6-inch pipe was found. The
inventory data also indicates a 30-inch culvert downstream
of the darn. Two 24-inch culverts were found.

b. 
- 
Experience Data. Data received through conversa-

tion wi th~~~bn Losh , President , Lake Arrowhead Club ,
indicated that in the 25 years he has lived on Lake Arrow-
hea d he has never seen the darn overtopped or the low level
outlet operated. During periods of high water the Rockaway
River creates a backwater on Den Brook forcing water -back
in to the culvert system which carries Lake Arrowhead ’ s
spillway discharge . Under such conditions discharge from
Lake Arrowhead has in the past been forced out of the culvert
in the restaurant parking lot just downstream of the dam.
Experience also indicates that local flooding is more re-
lated to drainage problems in the surrounding area than to
discharges from Lake Arrowhead Dam . This was the case in
.January of 1979 when U.S. Route 46 was inundated by 3
feet of water while the dam discharge was minimal.

c. Visual Observations. No visual evidence of damage
due to overtopping was observed. Debris , consisting of
rocks and silt, partially obstruct one of the two 24” CP
which leads from the spil iway toe , unde r Mosswood Tra il ,
under U.S. Route 46 and into Den Brook . This may cause
serious reduction in the conduit system ’s capacity during
a flood occurrence . At the time of inspection no water
was passing over the spiliway crest.

d. Overtopping Potential. The hydraulic/hydrolog ic
evaluation for Lake Arrowhead Darn is based on a spillway
design flood (SDF) equal to half of the probable maximum
flood (PMF ) in accordance with the range of test floods
given in the evaluation guidelines for dams classified as
significant hazard and small in size. The PMF has been
determined by application of the SCS dime nsionless uni t
hydrograph procedure to the 24-hour PMP storm of 22.5
inches. Hydrologic computations are given in Appendix C.
The routed half PMF peak discharge for the subject water-
shed is 621 cfs. The minimum elevation of the darn allows
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0.7 foot of depth in the spillway before overtopping occurs ,
assuming the stoplogs remain in place . Under this head the
spillway capacity is 18 cfs which is less than the required
SDF .

Flood routing calculations indicate that Lake Arrowhead Dam
will be overtopped for more than 7 hours to a maximum depth
of 1.1 feet under half PMF conditions. It is estimated
that the dam can pass less than 3 percent of the PMF
without overtopping. The spiliway is thus considered
inadequate.

Because Lake Arrowhead Dam was classified as high hazard,
based on the number of structures and the intensity of
commercial activity downstream , a breach analysis using the
HEC-1DB program was performed. A cross section (a plan of
which is shown on Figure 3) was chosen to represent the
downstream hazard area . The results of the breach analysis ,
contained in Appendix 3, indicate that breaching of the dam does
not significantly increase the hazard downstream over the non-
breach condition at the chosen cross section .

e. Drawdown Capability. If the low level outlet
currently in place can be restored to operable condition ,
it is estimated that the pond can be drained in appro,~i-mately 31 days, assuming no significant inflow . This time
period is considered inadequate for draining the reservoir
in an emergency situation .

10 
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SECTION 6
STRUCTURA L STABILITY

6.1 Evaluation of Structural Stability

a. Visual Observations. The only visual evidence of
potential stability problems was the growth of trees and
brush on the downstream slope and at the downstream toe of
the darn. If the trees blow over and their roots pull out
or if a tree dies and its roots rot , serious seepage
problems could result. Based on the visual inspection
alone it is not possible to determine the character of the
dam foundation or the interior of the cross section.
Therefore , it is not possible to evaluate the factor of
safety of the dam against slope failure .

b. Design and Construction Data. A reference-data
sheet dated 16 December 1925 indicates that the dam has a
concrete core wal l and is foun ded on clay , with footings
that are 9 feet below streambed.

C .  ~perating Records. An inspection report dated
22 August 1972, indicates that “the dam has minor seepage .”
No evidence of seepage was observed during the present
inspection . An undated sketch refers to a “break in darn,”
near the left abutment. No details concerning this break
are contained in any of the other records that were dis-
closed .

d. Post-Construct ion Changes. The undated sketch
referred to in the paragraph immediately above mentions that:
(1) the “break in dam ” is to be repaired with concrete ,”
(2) the upstream face of the dam is to be covered with
“clay over plastic membrane ,” (3) a “possible additional
standpipe” spillway is to be added in the future , and
(4) a “leaching pit” (French drain) was to be installed
at the downstream toe of the entire length of the darn . The
standpipe spillway was apparently not built. It cannot

• be determined from the visual evidence alone whether or
not the other proposed work was carri ed out .

e. Seismic Stabiliti. Lake Arrowhead Dam is located
in Seismic Zone 1 and in accordance with the Phase I
guidelines does not warran t seismic analysis .

I
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SECTION 7
ASSESSMENT , RECOMMENDAT I ON S/REMEDIAL MEASURE S

7.1 Dar n Assessment

a. Condition. Lake Arrowhead Dam is 54 ~ears old and
is in fair condition .

b. Adequacy of I n f o r m a t i o n .  The i n for m a t i o n  ava i l ab le
• is such that the assessment of the dam must be based pri-

rnari1~’ on the results of the visual inspection .

c. Urgency. The recommendations made in Section
7.2 a. and the operating and maintenance procedures in

• 7.2 c. should be implemented by the owner as prescribed
below .

d. Necessity for Additional Data/Evaluation. The
information available from the visual inspec€ion is adequate
to identify the potential problems that are listed in
Sections 5 and 6. These problems require the attention of
a professional engineer experienced in the design and
construction of dams to design or specify remedial measures.
If  left unattended , the problems could lead to instability
of the structure . Although unrelated to the stability of
the structure , of special concern is the location and
capacity of the outlet condui t system . A study should be
made and remedial measures implemented to insure that the
capacity provided by this system is adequate to carry maximum
spiliway discharge in addition to normal storurwater along the roac

7.2 Recomrnendations,’Remedial Measures

a. Recommendations. The owner should retain the
services of a professi~~al engineer , experienced in the
design and construct ion of dams , to accomplish the following
in the future :

(1) Design and construct repairs to the deteriorated
concrete in the spi llway structure and in the
deck and piers near the right abutment .

(2 )  Replace the stoplogs and repair metal stoplog
slots.

(3) Investigate, through additional hydraulic
evaluation , the neces sity of a lar ger low
level outlet pipe or rehabilitation of the
existing low level outlet pipe and valve .

(4) Design and oversee procedures for removal of
trees , root systems , and brush.

(
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(5) Conduct a detailed hydrologic and hydraulic
analy sis of the watershed , reservoir and darn,
and design and implement appropriate mitiga-
ting measures to provide for saf e pass age of
high discharges.

• b. Alternatives. None

• c. ~perating and Maintenance Procedures. The owner
• should:
• (1) Check the condition of the dam pe~~ odically

to watch for seepage or any indications of
instability. This should be started very soon.

(2) Engage a professional engineer to make a
comprehensive technical inspection of the dam
once every two years. This should be started
in the future.

(3) Establish a surveillance program for use during
and i m m e diately following periods of heavy
rainfall, and also a warning program to- follow
in case of floodf low conditions or imminent
damn failure. This should be done in the near
future.

I
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CHECK LIST
HYDROLOGIC AND HYDRAUL IC DATA

ENGIN EERING DATA

DRAINAGE AREA CHARACTERISTICS : 0.22 Square miles, gently sloping and
partially wooded.ELEVATION TOP NORMAL POOL (STORAGE CAPACITY) : 519.0 MSL (96 acre-feet)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): 519.9 (116 acre-fee t )
ELEVATION MAXIMU M DESIGN POOL: 521 MSL

ELEVATION TOP DAM : 5 19 .9 msl

CREST: free overflow stoplog gated spil iway 
_____

a. Elevation 519.9 MSL

b. Type stoplog and concrete weir

~~~. width 10 feet

d. Length 1.5 feet

e. Location Spillover ri ght center perpe ndicular to flow

f. Number and Type of Gates one gate consisting of four stoplogs

OUTLET WORKS : Emergency draindown, pipe only

a. Type____________________________________________

b. Loca tion

C. Entrance Inverts

d. Exit Inverts -

e. Emergency Draindown Facilities 6” C.I. not operated in 25
years

HYDROMETEORLOGICAL GAGES : none

a Type
______________________________________________

b. Location
______________________________________________

c Records

MAXIMUM NON-DAMAGING DISCHARGE: 18 cfs

1—13
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APPENDIX 2

PHO~’OGRApI-IS 
-

LAKE ARROWHEAD DAM 
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16 MAY 1979

‘TIL ’
~
’J F~)M EAST E2~4D OF DAM LOOKING ALONG THE CREST OF THE DAM
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16 ~ .Y 1979

VIEW F~~X4 EAST END OF DAM LOOKING EAST ALONG THE SHORE

tARE A~~~~~~AD DAM
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16 MAY 1979
— 

CC~ CRE’rE SLAB BUILT our F~)4 UPSTREAM FACE OF DAM NEAR CLUB-HOUSE. VIEW IS LOOKING NOI~I’HWEST.

1 ‘4 -- a
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16 MAY 1979

4~ SPILL~AY STRUCI’URE OF LN~ AR~~ HEAD DAM

LA~~ AR~~~~EAD DAM
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16 MAY 197k)
SPILL~ \Y STR~X’1’URE S~~*~1ING DRAWIX~’N PIPE

U~KE AR }iFJ\D DAM
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16 MAY 1979

OlYrtEI’ OF LAKE ARi~)2}EAD. VIEW FR)M MJSS~’1COD TRAIL LCOKING
NORrH .

LAKE AR1~~~~AD DAM
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16 MAY 1979

~~ NSTREAM FACE OF DAM VIEW IS LOOKING ~)RTHWEST AILZ’4G“DSS~JOD TRAIL. NOI’E GUARDRAIL INDICATING O(YFLET.
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4 16 MAY 1979

~ YI-~4STREAM FP~~ OF DAM VIEW IS FW14 C~~TER OF DAM LCOKING
‘i~~~~~ t~rr ~ ui~~~r.



-- - -

16 MAY 1979

VIEW S}D’JING IX7.’~NSTREAM FACE OF DAM AND RESTAURANT ~X1.ø~NSTREAM
C14 f4)SS~~OD TRAIL. VIEW IS LCX)KING NORTHWEST TC~ARD SPILU~1AY
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VIEW OF ThO 24” PIPES FOR FLOW UNDER ~4JSS~ JOD TRAIL I1~€DIATELY
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VIEW ~~ NSTREAM FR~M SPILLI.~~Y VIEW IS LLX)KING SOtJ~HWEST
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16 MAY 1979

QuiEt’ OF PRINICPAL SPILU~~Y CONDUIT

LA1~~ AR~~~ HEAD DAM 
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16 MAY 1979

HIQ~ WATER MARK ON FENCE tX~~NSTREAM F~~L4 JANUARY 1979 
-

(UNR~~~TED TO DAM DISCHA~~E ) .
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16 MAY 1979

OUTLET CHANNEL FI~~-1 PRINCIPAL SPILLI~IAY CONDUIT TO DEN BE~JOK

LAKE AR~~)WHEAD DAM 
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APPENDIX 3

HYDROLOGIC COMPUTATIONS

LAKE ARROWHE A D DAN
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